Background and Purpose: Evaluating instrumental activities of daily living (IADL) is an important part of procedure to diagnose dementia. The Korean-Instrumental Activities of Daily Living (K-IADL) has been used extensively in Korea. However, its cut-off score has not been reformulated since 2002. The purpose of this study was to yield a new optimal cut-off score for the K-IADL and confirm the validity of this new cut-off score with various dementia groups. Methods: We retrospectively collected a total of 2,347 patients' K-IADL data from 6 general hospitals in Korea. These patients had mild cognitive impairment (MCI) or dementia with various etiologies for cognitive impairment. We also recruited a normal control group (n=254) from the community. Korean-Mini Mental State Examination, Short version of the Geriatric Depression Scale, Clinical Dementia Rating, and Global Deterioration Scale were administered to all participants. Caregivers completed K-IADL and Barthel Index. Results: K-IADL scores were significantly different among dementia subgroups, but not significantly different among MCI subgroups. Based on internal consistency, correlations with other scales, and factor analysis, K-IADL showed excellent reliability and validity. The new optimal cut-off score to diagnose dementia was 0.40, which gave a sensitivity of 0.901 and a specificity of 0.916. Positive predictive value for dementia using the new cut-off score was 94.2% for Alzheimer's disease, 100% for vascular dementia, and 84% for Parkinson's disease. Conclusions: Our results illustrate that the new K-IADL cut-off score of 0.40 is reliable and valid for screening impairments of daily functioning resulting from various etiologies.
INTRODUCTION
Evaluation of instrumental activities of daily living (IADL) is an important part of dementia diagnostic procedure. 1, 2 Various activities -including using telephone, shopping, preparing food, housekeeping, using transportation, taking medicine, conducting finance, enjoying hobbies, doing laundry, and watching television -are included in IADL. 3, 4 That is, complex activities representing instrumental self-maintenance, effectance, and social behavior are included in IADL scales.
IADL is important in the care of dementia patients. Evaluation of IADL is essential to the diagnosis of dementia. 1, 2 Although new diagnostic research criteria including pathological markers for dementia due to Alzheimer's disease (AD) have been established, 5 impairment of daily living activities as well as cognition is practically necessary to diagnose dementia in clinical setting. If a patient shows cognitive decline without having significant disturbance in activities of daily living, the patient is not diagnosed with dementia. 1, 2 For this case, normal cognitive aging or mild cognitive impairment (MCI), not dementia, might be a possible reason for cognitive decline.
To evaluate activity of daily living (ADL) objectively, formal ADL scales should be used to quantify and exteriorize the level of functioning in IADL and physical activities of daily living (PADL). 6 A few IADL scales have been standardized in Korea, including the KoreanInstrumental Activities of Daily Living (K-IADL), 7 the Korean version of Bayer ADL, 8 and the Korean version of Disability Assessment of Dementia Scale. 9 In addition, Seoul-Instrumental Activities of Daily Living 10 and K-IADL 11 were newly developed in Korea.
Among them, K-IADL 7 has been most widely used in Korea for over 16 years. It was developed through reviewing various IADL instruments. It was composed of suitable items in consideration of Korean culture. 7 Reliability and validity of the K-IADL were determined in 2002. Its optimal cut-off was 0.43, with sensitivity and specificity of 83% and 82%, respectively. 7 Although K-IADL was developed 16 years ago, its cut-off score of 0.43 has been used in clinical setting without any revision. Considering dramatic changes in lifestyle and enhanced education level of the geriatric population over the past 16 years, its cut-off score needs to be revised to improve diagnostic accuracy. Furthermore, it would be important to examine differences in IADL characteristics with various dementia groups.
Therefore, the purpose of this study was to develop a new optimal cut-off score of K-IADL for diagnosing dementia and investigate variations in cut-off scores of various dementia groups, including AD, vascular dementia (VaD), and Parkinson's disease dementia (PDD) not conducted in the previous study. We also performed a cross-validation study by examining the positive predictive value of the newly developed cut-off score with various dementia groups.
METHODS

Procedure of data collection
We retrospectively collected patients' clinical data from the Departments of Neurology of 6 general hospitals located in Seoul and Gyeonggi-do of South Korea. We reviewed medical records and database of the Seoul Neuropsychological Screening Battery, second edition (SNSB-II) 12 including K-IADL. Institutional Review Boards of the 6 hospitals approved this study respectively.
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Participants
All participants aged 45-90 years old. The normal control group consisted of 254 elderly people who lived in the local community and met the criteria for normal cognition. 13 The patient group had 2,347 people with K-IADL that was administered to their caregivers in the Departments of Neurology from January 2013 to December 2015. Among these 2,347 patients, we randomly selected data of 1,877 patients (80%) and used these data to conduct a receiver operating characteristic (ROC) curve analysis to obtain new optimal score, sensitivity, and specificity of the K-IADL. We used data from the remaining 470 patients (20%) for a crossvalidation study to identify the positive predictive value of the new cut-off score.
We confirmed the cognitive dysfunction of patients through comprehensive neuropsychological assessment and verified the impairment of ADL based on medical records that contained reports of patients and their caregivers. The final diagnosis was based on the diagnostic decision of neurologists. A total of 759 patients with AD were diagnosed as probable AD based on the criteria of the National Institute on Aging-Alzheimer's Association (NIA-AA) workgroups. 5 There were 841 patients with amnestic MCI (aMCI) whose diagnoses were based on Peterson's criteria. 14 To recruit the prodromal stage of dementia with AD as much as possible, we only selected aMCI patients. There were 164 patients with VaD. They were diagnosed using the diagnostic criteria for probable VaD of the American Heart Association-American Stroke Association. 15 A total of 108 patients with vascular MCI (VaMCI) were diagnosed based on criteria for probable VaMCI of the American Heart AssociationAmerican Stroke Association. 15 A total 475 patients with Parkinson's disease (PD) were diagnosed using UK Parkinson's Disease Society Brain Bank Clinical Diagnostic Criteria. 16 Among these patients with PD, 128 patients were diagnosed as PDD 17 while the remaining 278 patients with PD-MCI were confirmed to have cognitive deficit without ADL impairment.
Measures
The Korean-Mini Mental State Examination (K-MMSE), 18 Clinical Dementia Raging (CDR), 19 and Global Deterioration Scale (GDS) 20 were administered to all participants. Short version of the Geriatric Depression Scale (S-GDS) 21 was administered to 1,956 patients in 5 out of 6 hospitals.
Caregivers completed K-IADL and Barthel Index (BI). 22 K-IADL was developed for evaluating impairment of complex ADL, including shopping, using transportation, conducting financial affairs, housekeeping, preparing food, using the telephone, taking medicine, remembering recent event, enjoying hobbies, watching TV, and conducting home repair. K-IADL used a 4-point scale: "independently performed/normal" = 0, "need some help/mild impairment" = 1, "need a lot of help/moderate impairment" = 2, and "impossible" = 3. Activities that were not performed before the onset of dementia were rated as "not applicable". They were not included in the scoring. To obtain the total score, sum of scores was divided by the number of rated items except for "not applicable" items. 
Statistical analysis
To confirm whether there were significant differences among patient groups, we compared scores of various measures including K-IADL in 1,877 patients. First, we examined whether there were significant differences in demographics. Then we performed an analysis of covariance (ANCOVA) to compare scores of K-MMSE, CDR, GDS, S-GDS, K-IADL, and BI after controlling for demographic variables that showed significant differences.
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To confirm the reliability of K-IADL, we assessed the internal consistency with Cronbach's α and conducted correlation analysis between item scores and total score. To confirm concurrent validity of K-IADL, we performed correlation analysis between K-IADL and other related measures. Construct validity was examined using exploratory factor analysis (EFA) on K-IADL items, in which extraction was done on the correlation matrix using principle axis factoring analysis. Factors were rotated using direct oblimin method. We also performed confirmatory factor analysis (CFA) to test whether our data fit the measurement model of K-IADL that was hypothesized based on result of EFA. CFA was conducted with data of 470 patients who were randomly selected for the cross-validation study. We investigated whether there were significant differences in K-IADL scores according to levels of CDR and GDS.
Additionally, we conducted ROC curve analyses to identify optimal cut-off score of K-IADL to differentiate between dementia and non-dementia patients as well as between MCI patients and normal control group. Furthermore, we performed ROC curve analyses for various dementia groups such as AD, VaD, and PDD to yield new optimal cut-off scores. We determined the optimal cut-off score to maximize both sensitivity and specificity. With 470 patients, we performed a cross-validation study to identify the positive predictive value of the new cut-off score for dementia differentiation in various dementia groups.
RESULTS
Demographic data and means and standard deviations of measures
There were significant differences in sex, age, and education level among normal control, MCI, and dementia groups. Overall, the percentage of women was higher in aMCI and AD groups. Patient groups were older with lower education level than the normal control group. For MCI groups, patients with PD-MCI were younger than those in VaMCI and aMCI groups while patients with aMCI had significantly higher levels of education than those in the VaMCI group. In the dementia group, AD patients were older than PDD patients. There was no significant difference in education level among patient groups.
Among all patients, there were significant differences in K-MMSE, CDR, GDS, S-GDS, BI, and K-IADL scores after controlling for demographics. For BI, there was no significant difference between VaMCI and PD-MCI groups. However, aMCI group showed higher score than VaMCI and PD-MCI groups. There was no significant difference in BI between VaD and PDD. However, AD had a higher score. For K-IADL score, there was no significant difference among MCI groups However, PDD patients had lower scores the AD and VaD patients. These results are presented in Table 1 .
Reliability
The internal consistency of K-IADL measured by Cronbach's α was 0.968, indicating high reliability. Item-total correlation coefficients ranged from 0.781 to 0.884, with an average coefficient of 0.844.
Validity
Results of EFA revealed one factor retrieved from 11 items. It accounted for 76.61% of total variance of K-IADL. All factor loadings of 11 items were greater than 0.790 (see Table 2 ).
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Correlations between K-IADL and scales representing dementia severity such as CDR (r=0.788, p<0.001), GDS (r=0.783, p<0.001), and K-MMSE (r=−0.646, p<0.001) were significant. The correlation between K-IADL and the BI measuring basic PADL was also significant (r=−0.495, p<0.001). The correlation coefficient between K-IADL and S-GDS was statistically significant, but not strongly (r=0.193, p<0.001). Results of these correlations are presented in Table 3 .
Furthermore, we assessed whether there were significant differences in K-IADL according to CDR as well as GDS levels in all patients (see Table 4 ). Total K-IADL score was significantly different according to CDR. The total score of K-IADL was also significantly different according to GDS except that between GDS 1 and GDS 2. https://doi.org/10.12779/dnd.2018.17.1.11
Re-standardization of the K-IADL Global Deterioration Scale, S-GDS: short version of the Geriatric Depression Scale.
Sensitivity and specificity
Total participants
We conducted an ROC curve analysis and calculated the area under the curve (AUC) to confirm the power of discrimination of K-IADL as a diagnostic tool for dementia (see Figure 1A ). When we discriminated dementia patients from non-dementia patients in all participants, K-IADL had a sensitivity of 0.901 and a specificity of 0.916 with a cut-off score of 0.40. The AUC of K-IADL was 0.959, indicating that the power of dementia discrimination using K-IADL was excellent. For discriminating dementia from MCI, the AUC of K-IADL was 0.952. K-IADL had a sensitivity of 0.901 and a specificity of 0.898 when we used the same cutoff score of 0.40 (see Figure 1B) . For discriminating MCI from the normal control group, the AUC of K-IADL was 0.765, with a sensitivity of 0.736 and a specificity of 0.776 when a cut-off score of 0.09 was used (see Figure 1C) .
Patients with AD or aMCI
To discriminate dementia from non-dementia in patients with AD, aMCI, and the normal control group, the AUC of K-IADL was 0.964. K-IADL had a sensitivity of 0.901 and a specificity of 0.921 with an optimal cut-off score of 0.40 which was the same as the global cut-off score derived from all participants (see Figure 1D) .
Patients with vascular cognitive impairment (VCI)
In patients with VaD or VaMCI and normal control group, we used ROC curve analysis and calculated AUC. The AUC of K-IADL was 0.989 and the optimal cut-off score was 0.37 for distinguishing dementia from non-dementia in patients, with a sensitivity of 0.962 and a specificity of 0.956 (see Figure 1E) . When the global cut-off score of 0.40 was applied to discriminate dementia from non-dementia in the group of VCI patients, the sensitivity was slightly lower (0.962 to 0.954) while the specificity was slightly higher (0.956 to 0.977) than those when an optimal cut-off score of 0.37 was applied.
PD
To discriminate dementia from non-dementia in patients with PDD or PD-MCI and the normal control group, the AUC of K-IADL was 0.944, with a sensitivity of 0.883 and a specificity of 0.891 when an optimal cut-off score of 0.35 was used (see Figure 1F) . When the global cut-off score of 0.40 was applied to discriminate dementia from non-dementia in the https://doi.org/10.12779/dnd.2018.17.1.11
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group with PD, the sensitivity was slightly lower (0.883 to 0.835) while the specificity was slightly higher (0.891 to 0.942) than those when an optimal cut-off score of 0.35 was applied.
Cross validation
A total of 470 patients (20%) were randomly selected out of 2,347 patients for the crossvalidation study. They did not show significant differences in sex, age, education, or scores of K-MMSE, CDR, GDS, S-GDS, BI, or K-IADL compared to the other 1,877 (80%) patients.
When we diagnosed patients with a K-IADL total score above the new cut-off score of 0.40 to determine whether they had dementia, the positive predictive value was 93.9% for the 470 patients. On the other hand, when we used the previous cut-off score of 0.43 for dementia diagnosis, the positive predictive value was 92.5%. For various dementia groups, we also found that positive predictive values were slightly higher when we used the new cut-off score of 0.40 than the previous one of 0.43. These results are summarized in Table 5 .
We performed CFA with these 470 patients to test data fit 1 factor model of K-IADL. 
DISCUSSION
Evaluating IADL is an important procedure for dementia diagnosis. It is critical for differentiating dementia and MCI in clinical setting. Furthermore, evaluation of IADL can be useful for early detection of dementia. In patients with neurodegenerative disease such as AD, PADL can be maintained until the end stage of the disease. However, IADL can decline in the early stage of dementia. In some cases, caregivers can detect an abnormality very early in patients when they notice problems in IADL before patients' cognitive dysfunction is evaluated through neuropsychological tests in the clinic.
K-IADL was developed in 2002. Its reliability and validity study was performed with 114 dementia patients (64 AD, 46 VaD, and 4 mixed dementia) and 106 normal controls. 7 In that study, the authors reported good test-retest reliability, internal consistency, and construct and https://doi.org/10.12779/dnd.2018.17.1.11
Re-standardization of the K-IADL Dementia and Neurocognitive Disorder concurrent validities. Additionally, they conducted ROC curve analyses to identify the optimal cut-off score for K-IADL to discriminate dementia from non-dementia patients. In the previous study, the optimal cut-off was 0.43, with sensitivity and specificity of 83% and 82%, respectively. 7 Our results showed that the new optimal cut-off score of K-IADL was 0.40, which was slightly lower than the original cut-off score of 0.43. The difference between the new cut-off score and the original one was small. However, when we discriminated dementia patients from non-dementia patients, both sensitivity and specificity were improved with the new cut-off score of 0.40 compared to the original cut-off score of 0.43. Our results suggest that the new cut-off score of 0.40 is more appropriate in a clinical setting.
To confirm the validity of K-IADL, we also assessed whether there were significant differences in K-IADL according to the CDR and GDS levels in all patients. Mean scores of K-IADL were significantly different according to CDR levels. Mean scores of K-IADL were also significantly different according to GDS level except for scores between GDS 1 and GDS 2. In the previous study, the cut-off score of 0.43 was found between mean scores of K-IADL in CDR 0 (0.11±0.15) and CDR 0.5 (0.52±0.42), and between mean scores of K-IADL in GDS 2 (0.16±0.17) and GDS 3 (0.52±0.42). 7 However, in our results, the new cut-off score of 0.40 occurred between mean scores of K-IADL in CDR 0.5 (0.28±0.30) and CDR 1 (1.14±0.59), and between mean scores of K-IADL in GDS 3 (0.23±0.25) and GDS 4 (0.81±0.53). These results indicated that the new cut-off score might be more optimal for differentiating dementia (usually CDR 1 or above and GDS 4 or above) from MCI (usually CDR 0.5 or less and GDS 3 or less). In addition, the higher positive value with cut-off score of 0.40 suggests that the new cut-off score is appropriate, although the difference between the 2 cut-off scores was small.
The reason for the lower cut-off score for dementia in this study compared to the original one 7 seemed to be due to difference in characteristics of control groups. The control group in this study was composed of normal elderly in the community and MCI patients. However, the control group in the previous study consisted of caregivers and patients who did not have disease of the central nervous system or complaint of cognitive impairment. We could expect that IADL of normal controls from the community would be better than IADL of controls recruited in hospital. As a result, the mean K-IADL score of the control group (normal elderly and MCI patients) in this study was 0.17±0.21, which was lower than that in the previous study (0.21±0.28). Thus, the cut-off score of this study was lower than the previous study due to the lower mean score of the control group in this study.
When we yielded cut-off scores in various dementia subgroups, the cut-off score for dementia due to AD was the same for discriminating dementia in all participants (cut-off score in AD: 0.40). However, the cut-off scores for discriminating dementia in patients with VCI or PD were slightly lower than cut-off scores in patients with AD (cut-off score in VCI: 0.37; in PD: 0.35), although K-MMSE total scores were not significant different among the three dementia groups. When we used the same cut-off score of 0.40 for K-IADL to discriminate dementia in patients with VCI or PD, the sensitivity was slightly lower (VCI: 0.962 to 0.954; PD: 0.883 to 0.835) while the specificity was slightly higher (VCI: 0.956 to 0.977; PD: 0.891 to 0.942). Based on these results, it is possible that some mild VaD and PDD patients could be missed from diagnosis if global cut-off score of 0.40 is applied.
One possible reason for a lower cut-off score in VCI and PD might be that VaD or PDD patients were marked as "not applicable" for many items because of their physical or Dementia and Neurocognitive Disorder movement problems. In fact, further analysis of this study revealed that the number of items marked as "not applicable" were significantly higher in patients with VaD and PDD than AD (AD: 1.30±1.32; VaD: 2.12±2.01; PDD: 2.19±1.94). As the number of items marked "not applicable" would increase, the total score of the K-IADL would decrease. Based on these results, we can conclude that a new IADL instrument should be developed for correct diagnosis of dementia in patients with physical limitations such as VaD and PDD. Cheon et al. 23 have also argued that the impairment of IADL in PDD should be assessed with items specifically impaired due to cognitive disabilities in t patients with PD (e.g., keeping appointments, talking about recent events, managing money, and using a telephone). Therefore, further research is needed to find specifically tailored IADL items for target groups to attenuate the effect of physical or movement problems.
Recent studies have reported that intact ADL could not be used as a criterion to diagnose MCI because impairment of ADL already appears in MCI state. [24] [25] [26] We also conducted ROC curve analysis to differentiate MCI from the normal control group using K-IADL. However, the AUC of K-IADL was 0.765, which was lower than that when differentiating dementia patients from non-dementia ones. Its sensitivity of 0.736 and specificity of 0.776 were also lower than those when differentiating dementia. These results could be attributed to contents of K-IADL for discriminating dementia patients from non-dementia patients instead of discriminating MCI patients from normal controls. If an IADL inventory was developed to diagnose patients with MCI, items with more complex activities should be included. Additionally, changes in elderly lifestyle such as development of information technology and rapid increase in the use of smartphones and the internet should be considered when developing a new IADL inventory for MCI patients. For instance, the Alzheimer's Disease Cooperative Study Scale for ADL (ADCS-ADL) was newly developed for MCI diagnosis with a 24-item scale, in which six MCI-specific items, such as driving a car and organizing medication, were added to the original ADCS-ADL scale. 27 On the other hand, Jekel et al. 28 have suggested that an ADL scale for MCI diagnosis should include activities that require higher cognitive processes. The use of performance-based measures and technology-related items seems to be promising. In summary, this study was a large-scale collaborative research in which six major general hospitals participated and more than 2,300 patient data with 254 normal elderlies were collected. Our results supported that the newly developed cut-off score of 0. 40 for K-IADL was valid. This new cut-off score showed higher positive predict value than the previous one. We believe that this new cut-off score is clinically useful by improving diagnostic accuracy with high sensitivity and specificity while reducing false negative in dementia diagnosis.
